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SUMMARY

Varicella-zoster virus (VZV) was once thought to be a fairly in-
nocuous pathogen. That view is no longer tenable. The morbidity
and mortality due to the primary and secondary diseases that VZV
causes, varicella and herpes zoster (HZ), are significant. Fortu-
nately, modern advances, including an available vaccine to pre-
vent varicella, a therapeutic vaccine to diminish the incidence and
ameliorate sequelae of HZ, effective antiviral drugs, a better un-
derstanding of VZV pathogenesis, and advances in diagnostic vi-
rology have made it possible to control VZV in the United States.
Occult forms of VZV-induced disease have been recognized, in-
cluding zoster sine herpete and enteric zoster, which have ex-
panded the field. Future progress should include development of
more effective vaccines to prevent HZ and a more complete un-
derstanding of the consequences of VZV latency in the enteric
nervous system.

INTRODUCTION

For many years, little serious medical attention was paid to in-
fections due to varicella-zoster virus (VZV) and its primary

infection, varicella (chickenpox), was considered to be little more
than a rite of childhood. At worst, varicella was regarded as an
irritant, not a serious disease like poliomyelitis or smallpox. Even
the name chickenpox, possibly a reference to the appearance of the
skin of an infected host, which looks somewhat like that of a de-
feathered chicken, connotes triviality. Although varicella was rec-
ognized to be milder than smallpox, which it certainly is, mild
cases of smallpox and severe varicella could be confused, and it
was helpful to remember that the distribution of the rash of small-
pox was concentrated on the small parts (peripheral portions of
the limbs). That history now is ancient; smallpox has been eradi-
cated, and VZV has been recognized to be a herpesvirus, not, like
smallpox, a poxvirus (1, 2). Interestingly, however, recent analyses
have indicated that VZV evolved with primates and emerged with
early hominids from Africa about 7 million years ago. Like that of

smallpox, therefore, the relationship of VZV with humanity is a
very old one (3).

VZV disease resembles poliomyelitis in that serious disease is at
least a partial function of the advancement of civilization in the
developed world. The medically forgettable nature of varicella
changed radically when Sydney Farber introduced effective che-
motherapy and began, for the first time in the history of human-
kind, to cure childhood cancers (4–8). The joy of that success,
however, was unexpectedly turned to despair when a child who
was surviving treatment for malignancy was killed by varicella,
which can be deadly in an immunocompromised host. After the
use of drugs that compromised immunity entered common usage,
varicella could no longer be considered a benign rite of childhood.
Instead, it was a disease to be feared and avoided. Thomas Weller
took the first steps toward the solution of the conundrum that
accompanied the iatrogenic introduction of an immunocompro-
mised set of childhood hosts for VZV. He cultured VZV success-
fully, a feat that was a prerequisite to the development of an effec-
tive varicella vaccine. Although clinical evidence had suggested
that varicella and herpes zoster (HZ) (shingles) were caused by the
same agent, Weller and his colleagues were the first prove this
scientifically (1, 2). Weller and his colleagues realized that in order
for VZV to give rise to HZ, VZV had to persist in the body asymp-
tomatically after chickenpox and then to reactivate from latency at
a later date to cause HZ; this pattern is similar to that of herpes
simplex virus (HSV), which also reactivates from latency to give
rise to a recurrent disease (9).

Within a few years of Farber’s remarkable introduction of
treatment for childhood cancer, VZV’s ability to kill became ap-
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parent when Weller and his colleagues reported the startling
deaths of two children from varicella (10). One had been receiving
chemotherapy for neuroblastoma, while the other received high-
dose steroid therapy for acute rheumatic fever (10). Varicella in
these children presented with a hemorrhagic vesicular rash, simi-
lar to smallpox in its extent if not the individual lesions, with
severe symptoms of a disseminated viral infection that proved
fatal. The nature of these cases of varicella was completely differ-
ent from that of the mild disease that led to neighborhood chick-
enpox parties. During the 20 to 30 years that followed the pioneer-
ing work of Farber, cancer chemotherapy became more common,
complex, and intense. Organ and bone marrow transplantation
came into use, while steroids and antimetabolites were employed
to treat many autoimmune diseases. The resulting spread of im-
munodeficiency meant that not only varicella but also HZ became
a significant clinical problem. Medical successes in all age groups
caused longevity in the United States to increase. Again, VZV tem-
pered the benefits of advances of medical progress; the incidence
of HZ and its complications increased in tandem with age. It thus
became necessary to control VZV, which had become an increas-
ingly dangerous virus. Control was accomplished first with a vac-
cine to prevent varicella, then with antiviral therapy, and finally
with a vaccine to prevent HZ. Not surprisingly, control of VZV
was associated with the acquisition of knowledge of the viral life
cycle, its cell biology, and finally the pathogenesis of VZV-induced
disease.

GROWTH OF VZV IN CELL CULTURE

VZV is known to utilize a variety of binding sites and receptors to
gain access to cells and to spread from an infected cell to an unin-
fected neighbor. Cell-free VZV binds to heparin sulfate proteogly-
can, while the large cation-independent mannose 6-phosphate
(Man 6-P) receptor (MPR) evidently binds to Man 6-P moieties
on glycoproteins of the viral envelope and is required for viral
entry (11–14). Heparin and Man 6-P, therefore, are able to com-
pete with cell-free VZV in vitro and protect cells from infection. In
contrast, neither heparin nor mannose 6-phosphate interferes
with the cell-to-cell spread of cell-associated VZV. That process
requires the insulin-degrading enzyme (IDE), which is cytosolic
but is expressed near cell surfaces and can interact with gE (15, 16).

During lytic infection, each of the 72 genes (open reading
frames [ORFs]) of VZV is expressed in a relatively orderly cascade.
These include immediate early (regulatory), early, and late (struc-
tural) genes. At least 9 glycoproteins (gps) are encoded in the VZV
genome. Major gps include gE, which forms a complex with gI, the
gH/gL complex, gB, and gC. Most of these gps play a role in infec-
tivity of the virus, enabling the agent to spread from an infected
cell to a naive one. The gps also stimulate immune responses in an
infected host. Although the precise natures of protective humoral
and cellular immune responses are unclear, gE is likely to be an
important antigen because it is the major gp that VZV expresses
(17).

In cell culture and as it spreads within the body, VZV is a highly
cell-associated virus, because of the exposed Man 6-P moieties of
the N-linked gps of the viral envelope (18). The MPR on the viral
envelope enables VZV to bind to intracellular MPRs, which are
present in almost every cell of the body. After VZV has acquired an
envelope, therefore, the newly enveloped virions follow the itin-
erary of MPRs. Like the VZV gps, newly synthesized lysosomal
enzymes also express Man 6-P and encounter MPRs in the trans-

Golgi network (TGN). MPRs divert lysosomal enzymes to late
endosomes, where MPRs dissociate from lysosomal enzymes in
the acidic environment that prevails in these organelles, enabling
the enzymes to traffic to lysosomes. The MPRs travel from late
endosomes, normally without bound ligand, to the plasma mem-
brane, where, as noted above, they can facilitate viral entry. Newly
assembled VZV acquires its envelope and thus also its gps in the
TGN, where virions also interact with MPRs (19). Newly envel-
oped virions then follow the itinerary of MPRs and traffic, like
lysosomal enzymes, to late endosomes. The acidic environment of
late endosomes degrades virions, which are acid labile, the mor-
phology of virions becomes distorted, and the virus loses infectiv-
ity. When finally released from cells, therefore, the postexocytotic
virions are no longer infectious. Cell-to-cell spread, therefore, re-
quires the fusion of infected cells with their neighbors, which is a
slow process, both in vitro and in vivo. The evolutionary value of
this process to VZV is likely to be that the mechanism prevents
highly infectious viral particles from being disseminated within
the body. As a result, a newly infected host survives and is not
overwhelmed by VZV before the host can mount an adaptive im-
mune response to control the virus. In turn, the virus can become
latent within the surviving host and remain there until some time
in the future, when a new group of susceptible subjects has devel-
oped and is ready to receive VZV. Reactivation of VZV from la-
tency provides a continuing source of VZV to infect a regenerated
host pool. The mechanism, however, requires that there be a site
somewhere in the body where VZV can escape diversion to late
endosomes, form infectious virions, and gain access to the outside
to transmit infection to new hosts. At least one such site is the
epidermis, which is a target of disease in both varicella and HZ
(11). The superficial cells of the suprabasal epidermis downregu-
late MPRs as the cells mature into squames. This enables VZV to
be secreted constitutively by default. As a result the virions in
cutaneous vesicles are morphologically intact and highly infec-
tious. VZV can thus spread from the skin through the normal
process of desquamation. As the clouds of dead squames slough
from the skin and waft on drafts of air, infectious particles of VZV
can waft with them and, when inhaled by an unsuspecting and
susceptible host, start a new cycle of varicella, latency, and HZ.

GROWTH, MULTIPLICATION, AND CLINICAL
MANIFESTATIONS OF VZV WITHIN ITS HOSTS

VZV is remarkably host specific. Its only naturally occurring res-
ervoir is in humans; although small animal models of apparent
latent infection, such as Wistar rats and cotton rats, have been
reported, reactivation of VZV has not been achieved in these mod-
els (20, 21). Guinea pigs can be infected with VZV and have even
developed latent infection, although it has not been possible to
reproduce varicella in these animals (22, 23). A guinea pig model
of latent VZV infection was developed in the Gershon laboratory
and is interesting because it may provide insight into the patho-
genesis of human infection (22, 24). Neurons can be isolated from
the guinea pig enteric nervous system (ENS). Intrinsic primary
afferent neurons are found in the ENS, and VZV is known to
establish latency in the primary afferent neurons of dorsal root
ganglia (DRG) and cranial nerve ganglia (CNG). Although it was
anticipated that VZV might preferentially infect intrinsic primary
afferent neurons in cultures of enteric ganglia, that turned out not
to be the case; VZV infected neurons from the guinea pig ENS in
vitro but showed no preference for type. When the neurons were
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exposed to cell-free VZV, the virions infected neurons but estab-
lished latency. Neurons survived indefinitely, only latency-associ-
ated VZV gene products were expressed, and these were restricted
to the cytoplasm. In contrast, when fibroblasts, guinea pig or hu-
man, were present at the time enteric neurons were exposed to
VZV, infection was lytic. Neurons died within 48 to 72 h, imme-
diate early proteins translocated to the nucleus, and gps were ex-
pressed. Viral particles were detected electron microscopically
within infected enteric neurons, and infection was passed to
cocultured MeWo cells. Addition of fibroblasts did not reactivate
VZV from latency in infected enteric neurons; however, reactiva-
tion was induced when the nonstructural protein ORF61p was
expressed in latently infected neurons (22, 24). This in vitro system
is the only latency model thus far to demonstrate reactivation of
VZV from its latent state.

Because VZV was found to infect enteric neurons of guinea
pigs in vitro, attempts were made to determine whether latent
infection could also be established in the guinea pig ENS in vivo.
Three methods were tested, and each was able to establish latent
infection in the guinea pig ENS (22). These were intracutaneous
injection of VZV-infected human embryonic lung fibroblasts
(HELF), direct injection of VZV-infected HELF into the gut, and
intravenous (i.v.) injection of VZV-infected human or guinea pig
peripheral blood mononuclear cells (PBMC) (among which most
of the infected cells were T lymphocytes). The intravenous route
led to the establishment of VZV latency in virtually every neuron
of the guinea pig gut and also to latency in neurons of dorsal route
ganglia. Preliminary experiments, reported at the Colorado Al-
phaherpesvirus Latency Symposium in Vail, CO (2013), suggest
that a combination of stress and immunodeficiency may reacti-
vate VZV in guinea pigs bearing latent infection.

The means that the highly cell-associated VZV evolved to gain
host-to-host access have generated, if not controversy, some level
of disagreement. It was assumed for years that VZV spreads from
the respiratory tract, but there is no actual evidence that this oc-
curs (25, 26). In contrast, the fluid in the epidermal vesicles that
characterize the rash of varicella and HZ is highly infectious and,
as noted above, is filled with well-formed intact virions (11). The
downregulation of MPRs that accompanies maturation of kerati-
nocytes into squames allows the default pathway of secretion to
transport enveloped VZV to the extracellular space. That space
becomes continuous with vesicles, and desquamation does the
rest (11). The highly infectious VZV particles aerosolize and drift
away from the skin of infected patients, ready for anyone nearby to
inhale them (11, 27). VZV thus spreads by the airborne route (28,
29). VZV does not appear to spread from one person to another if
cutaneous lesions are absent, and when such lesions are present,
the degree of contagion is directly related to the number of cuta-
neous lesions that are present (27, 30). VZV does not spread by
coughing or sneezing, although VZV DNA is present in saliva
during infection (31). Infectious VZV is labile, and infectious vi-
rus does not persist for significant periods of time on surfaces or
clothing, although its DNA may be detectable for long periods in
room dust (32).

Following transmission of VZV to a varicella-susceptible indi-
vidual, the respiratory mucosa becomes infected, leading to inva-
sion of the epithelium of the tonsils, where there may be some
production of cell-free VZV that can potentially be neutralized by
passive immunization (33, 34). Subsequently, during the incuba-
tion period of varicella, VZV infects CD4� and CD8� T lympho-

cytes (33). During VZV viremia, which may last for some days,
VZV-infected immune cells, which home to the skin, carry infec-
tion to keratinocytes. This viremia may also infect other cells and
tissues in the body. Innate immunity, involving production of
alpha interferon, transiently controls the multiplication of VZV in
the skin, but eventually innate resistance in skin is overcome, re-
sulting in the development of cutaneous lesions (35, 36). The ini-
tial resistance that innate immunity provides has been postulated
to slow viral multiplication, thereby providing time for the devel-
opment of adaptive immunity, which finally controls multiplica-
tion of the virus (33). The ability of innate immunity to slow the
spread of VZV backs up the diversion of VZV to late endosomes
during envelopment in infected cells, which ensures slow cell-to-
cell transmission, and thus provides a fail-safe mechanism to pre-
vent VZV from overwhelming its host. These mechanisms, which
promote host survival, thus confer an evolutionary advantage to
the virus (11). The relatively long incubation period of 2 to 3
weeks may also facilitate the ability of vaccination to prevent clin-
ically manifest disease. The cell-to-cell spread of VZV, which elim-
inates extracellular circulation of virions, explains why CD4 and
CD8 T lymphocytes are more critical for host defense than specific
antibodies. Patients who are deficient in innate (37–40) and/or
adaptive (41–45) cell-mediated host responses are subject to se-
vere VZV infections, which may even be caused by the live atten-
uated vaccine strain of the virus (vOka). Laboratory studies of
VZV cell-mediated immunity (CMI) in adults suffering from vari-
cella have demonstrated that disease severity is positively corre-
lated with viral load and negatively correlated with virus-specific
responses of T lymphocytes (46).

There is only one serotype of VZV, although there are at least 7
viral clades (47), which have been identified in different geo-
graphic areas of the world such as Europe, Africa, Australia, and
Asia. Analysis of clades has been useful in interpretation of epide-
miologic information on VZV (48).

CLINICAL ILLNESSES CAUSED BY VZV

In typical varicella there is a generalized rash, with a concentration
of skin vesicles on the head, including the scalp and trunk (Fig. 1
A). There are fewer skin lesions on the extremities; the distribu-
tion of the rash is a diagnostic clue and may be used to differentiate
varicella from smallpox. The rash evolves over a few days from
maculopapular lesions to vesicles, pustules, and scabs. In contrast
to the case for smallpox, in any one area of skin, vesicles, pustules,
and scabs may be present at the same time. Contagion is highest
during the phase when the rash is vesicular; most of the transmis-
sible VZV comes from the skin lesions (11, 26, 27, 49). It is difficult
to rule out the possibility of respiratory spread of VZV in the
preeruptive phase; it is usually assumed that the illness is trans-
missible 48 h before rash onset, but the evidence for this is limited.
After the pustular stage is reached, transmissibility is no longer
occurring. Other symptoms associated with varicella are malaise
and fever. Varicella usually lasts 5 to 7 days in immunologically
normal hosts and is represented by a spectrum of illness, ranging
from mild symptoms and scant rash (which may be overlooked or
forgotten) to severe illness with over 1,000 vesicles. The occur-
rence of varicella without an accompanying rash is rare (50). Vari-
cella is 25 times more likely to be severe (and may even be fatal) in
adults than in children (51). Adults with varicella are especially at
risk to develop primary varicella pneumonia, a dreaded compli-
cation but one that usually responds to prompt antiviral therapy.
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The cutaneous vesicles that arise during varicella are usually
pruritic; scratching is common and may contribute to aerosoliz-
ing VZV with subsequent spread to others (28, 29). Shedding of
squames, however, is sufficiently common and profuse that even if
scratching is prevented, VZV may still aerosolize from the skin
and transmit disease. Scratching, however, may promote superin-
fection with bacteria such as streptococci and staphylococci. As a
result, bacterial cellulitis, pneumonia, and/or sepsis, requiring
hospitalization and intravenous antimicrobial therapy, are com-
plications of varicella (52). Two forms of central nervous system
(CNS) complications may occur in varicella. One is the usually
self-limited cerebellar ataxia (1 in 4,000 cases); the other is the
more serious encephalitis (1 in 10,000 cases), which can be severe
or fatal (53). Immunocompromised patients who contract vari-
cella may experience severe or fatal illness with a prolonged
course, including high fever, extensive rash that may become
hemorrhagic, pneumonia, hepatitis, and encephalitis (53). Usu-
ally one attack of varicella provides lifelong immunity, but rein-
fections have been reported (54–57).

A congenital varicella syndrome occurs in about 2% of the
offspring of women who develop varicella between the 8th and the
26th weeks of pregnancy (58). Affected infants manifest a variety
of problems, including scarring of the skin, severe damage to the
central and autonomic nervous systems, eye involvement, and
limb abnormalities. Children born with the congenital varicella
syndrome often do not survive infancy, and if they do, they are
highly likely to develop HZ early in life. The introduction of the
routine use of varicella vaccine in the United States has caused this

syndrome to become extremely rare in the United States. Because
of the resistance to vaccination in other countries and the absence
of herd immunity to VZV in those locations, the congenital vari-
cella syndrome has not totally vanished; it might also be imported
as a result of international travel.

HZ is a secondary VZV disease; it is due to the reactivation of
VZV that was acquired during varicella and remained latent there-
after (Fig. 1D and E). VZV reactivates from latency despite the
presence of circulating antibodies to VZV, which are often present
at high titer when HZ occurs. The rash of HZ is typically unilateral
and dermatomal; it is also vesicular, painful, and/or pruritic.
There is a spectrum of illness with HZ, ranging from pain with no
rash to mild rash to severe rash with dissemination (Fig. 1C, D,
and E).

Individuals with HZ who have a vesicular rash may transmit
VZV to susceptible subjects. When host-to-host transmission oc-
curs, the resulting illness in susceptible individuals is not HZ,
however, but varicella, the primary VZV-induced disease. HZ can
occasionally occur in the absence of a rash. When it does it is
known as zoster sine herpete and is manifested as a unilateral,
dermatome-restricted pain syndrome, encephalitis or other neu-
rologic manifestation, or a gastrointestinal disturbance (59–62).

Particularly in immunocompromised individuals such as
those with HIV infection, HZ may present as loss of vision, due to
progressive outer retinal necrosis (PORN) (63, 64), an extremely
serious infection, which despite antiviral therapy usually pro-
gresses to blindness. HZ affecting the trigeminal nerve may also
lead to ophthalmitis with keratitis (65, 66). Such infections have

FIG 1 The clinical spectra of VZV infection. (A) An otherwise healthy 2-year-old child with typical varicella (primary infection). (B) A child with underlying
malignant disease receiving chemotherapy who died from disseminated varicella with pneumonia. (C) Salivary VZV DNA was demonstrated in a 72-year-old
patient with severe unilateral neuropathic pain, which cleared on valacyclovir. There was no rash; VZV DNA was not detected in his saliva following recovery
from pain. The diagnosis was zoster sine herpete. (D) Skin of wrist of a 71-year-old otherwise healthy woman with 7 tiny vesicles that caused severe itch but no
pain. This was the extent of the rash, which resembled bites from a small insect. VZV DNA was demonstrated by PCR in skin vesicles and transiently in saliva. The
diagnosis was mild HZ in an elderly woman. (E) Severe, disseminated HZ in a 35-year-old man with lymphoma on anticancer therapy, with severe pain, despite
antiviral therapy.
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been reported in immunocompromised patients (67). Diagnosis
may be made by PCR (68). There is one report of retinal necrosis
in a vaccinated immunocompromised young adult that was iden-
tified as caused by vaccine type (Oka) VZV (69).

A VZV-induced vasculopathy, which may accompany HZ or
occur without a rash, mimics giant cell arteritis of cerebral arteries
(70). This is a serious condition that may present as a cerebrovas-
cular accident, disturbed vision or blindness, and/or transient
ischemic attacks. Diagnosis can be made if the temporal artery is
biopsied; VZV DNA can be detected, and immunocytochemistry
can reveal viral proteins if the condition is due to VZV. Measure-
ment of antibodies to VZV, including calculation of serum/cere-
brospinal fluid (CSF) specific IgG ratios, may also be used to im-
plicate VZV in this neurologic disease (70, 71).

HZ typically occurs in people who are more than 50 years old,
but it may also occur in younger individuals, including children
(53). People who manifest HZ usually acquire wild-type (WT)
VZV through an episode of varicella; however, HZ has also been
reported to occur in children who have received the varicella vac-
cine, although HZ is less likely to occur after vaccination than after
natural infection (53). Interestingly, when HZ occurs in vacci-
nated individuals, about 1/3 of the childhood cases are due to WT
VZV (72, 73). Oka HZ has not yet been reported in vaccinated
adults. The exact reason why WT HZ occurs in a vaccinated indi-
vidual is uncertain. One explanation may be that WT VZV may
asymptomatically displace vOka; alternatively, some subjects who
receive the varicella vaccine may previously have been infected
asymptomatically with WT VZV (49). Other possibilities are that
WT strains may be better suited for reactivation than Oka strains,
and it also may be that one ganglion may harbor latent infection
with both types of VZV. Immunocompromised individuals are at
greater risk to develop HZ than are immunologically normal per-
sons (53).

Postherpetic neuralgia (PHN) is a dreaded sequel of HZ; it is a
neuropathic pain syndrome that occurs a month or so after the
onset of HZ and is often severe. The incidence of PHN increases as
a function of age, becoming extremely common after the age of 80
(74–76). The pain of HZ is distinguished from the acute pain that
is associated with rash at disease onset. PHN involves chronic pain
that appears or persists after the rash of HZ has healed. Acute pain
often responds to antiviral therapy, but PHN is generally thought
not to do so (76), although the case of a patient with PHN in which
5 trials of valacyclovir were each associated with a reduction in
pain and the disappearance of VZV DNA from circulating mono-
nuclear cells has been reported (77). There is also some evidence
that famciclovir can reduce the duration of pain during HZ and
the incidence of PHN if it is given early enough in HZ (78). There
is little evidence, however, that early treatment with antivirals in-
variably prevents PHN (76). The problem in prevention may lie in
the difficulty of reaching a diagnosis early enough to abort HZ
soon enough to prevent PHN. The cause of PHN is unknown,
although there are published data that suggest that prolonged
VZV multiplication and viremia may be involved (79). Vaccina-
tion against HZ with the Oka strain prevented 66% of PHN in the
double-blind vaccine study involving Zostavax (80).

DIAGNOSIS

The diagnosis of VZV infection is usually made clinically because
the signs and symptoms of varicella and HZ are characteristic and
obvious. Laboratory diagnosis becomes important when the pre-

sentation of disease is confusing, for infection control, in immu-
nocompromised individuals in whom drug-resistant VZV is sus-
pected, or in vaccine-modified breakthrough cases of possible
varicella. A number of approaches to laboratory diagnosis are
available. The “gold standard” for diagnosis of VZV infections was
once virus isolation. This requires the use of fresh vesicular fluid,
which is inoculated immediately onto monolayers of susceptible
cells, such as human embryonic lung fibroblasts (HELF), and in-
cubated at 35 to 37°C for 3 to 7 days; cultures are then examined
microscopically for cytopathic effect. This technique is costly and
slow. Worse, because VZV is a labile virus, cultures can fail to
reveal infection even when VZV is present. The slow growth of
VZV in cell culture is also a serious handicap for patient care,
which often involves decisions that have to be made quickly. Virus
isolation is thus not much used for diagnosis today, although it is
still useful in the determination of whether a putative VZV infec-
tion is resistant to antiviral drugs.

The diagnostic procedure of choice today is to use PCR to
amplify VZV DNA. This assay can be carried out rapidly, within a
day or two. It is highly accurate and sensitive and costs about the
same as viral culture (81). In addition many laboratories, such as
the National VZV Laboratory at the Centers for Disease Control
and Prevention (CDC) and the Merck Worldwide Adverse Expe-
rience System (WAES), with laboratories located at Columbia
University, perform this assay without charge (82). WAES studies
potential adverse events associated with VZV vaccines [hotline,
(800) 672-6372].

PCR can be used to detect VZV in vesicular fluid, scabs from
vesicles, skin swabs, throat swabs, cerebrospinal fluid (CSF), tis-
sues from biopsies or autopsies, blood, and saliva (31, 48, 81, 83,
84). Demonstration of VZV DNA in saliva deserves special men-
tion; it is an attractive test because collection of the specimen is
noninvasive. The occurrence of VZV DNA in saliva was first dem-
onstrated to follow space travel transiently in 1/3 of asymptomatic
astronauts (85). The phenomenon might represent the reactiva-
tion of VZV in response to the extreme stress of space flight, which
could have transiently reduced cell-mediated immunity (86).
Similarly, 17% of stressed hospitalized children in intensive care
units transiently have VZV DNA in their saliva (84). The presence
of VZV DNA in saliva as the result of VZV reactivation has sub-
sequently been translated into diagnostic utility in patients with
HZ (87–89) (Fig. 1C and D). This test is particularly useful for
diagnosis of those VZV infections that are not accompanied by
cutaneous lesions, such as zoster sine herpete or enteric zoster (87,
88), but further research on the accuracy and sensitivity of iden-
tifying VZV DNA in saliva as a routine diagnostic test is necessary.
For example, it will be important to distinguish asymptomatic
viral reactivation putatively due to stress from VZV-induced dis-
ease.

It is possible to use restriction enzyme treatment of PCR prod-
ucts to differentiate DNA encoding vOka from DNA encoding
WT VZV gene products in saliva (90, 91). Infectious VZV itself has
only rarely been identified in saliva, and transmission of VZV
from saliva has not been observed (92). In contrast to the case for
VZV, asymptomatic shedding of infectious HSV in bodily secre-
tions, including saliva, is common (93). HSV DNA has also been
found in saliva in stressed individuals (84).

Performance of quantitative PCR (qPCR) has indicated thus
far that there is considerable variation in amounts of VZV DNA in
saliva among patients with HZ, stressed astronauts, and stressed
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children. Because these studies were performed in different labo-
ratories, quantitative comparisons cannot be formally made. In
general, the largest reported amounts of VZV occurred in patients
with acute HZ, whose levels ranged from 10 to 10 million DNA
copies/ml of saliva (89). There was considerable variability among
recovering HZ patients, with some having no VZV DNA detected
in saliva and others having up to 1,000 copies/ml (94). Astronauts
following space flight had levels ranging from 0 to 6,000 copies/ml,
but only �30% had detectable VZV DNA in saliva (85). Possibly
the lowest levels of VZV DNA were seen in very stressed children
hospitalized in intensive care units, but again this testing was not
standardized, so comparisons are subject to possible inaccuracies
(84). Attempts are being made to standardize salivary testing
through an ongoing project conducted by the CDC involving sev-
eral laboratories where this assay is being carried out.

In addition to its utility in diagnosing whether or not an infec-
tion is due to VZV, PCR is useful in distinguishing WT VZV from
vOka. This distinction is critical in the evaluation of the safety of
the varicella and HZ vaccines. Symptoms that occur after vaccina-
tion are often attributed to these vaccines because of the perceived
temporal relationship. Determination of the identity of the re-
sponsible virus is thus necessary. Restriction endonuclease analy-
sis of PCR products can be used to identify differences in nucleo-
tide sequences between the two kinds of virus. For example,
ORF38 of WT VZV has a PstI restriction site that is lacking in
ORF38 of vOka. A simple screening test, therefore, is to determine
whether this restriction site is present in the sample of VZV DNA
under analysis (90). Most of the ORF38 genes from WT VZVs
worldwide contain the PstI site and thus are “PstI positive.” Un-
fortunately, ORF38 in some WT VZV lacks this restriction site;
therefore, “PstI-negative” strains of VZV are not invariably vOka,
especially in Asia. To be certain that one is dealing with vOka,
more complex analyses must be employed. Four loci in VZV ORF
62 (105705,106262, 107252, and 108111) are recommended to
distinguish a putative vOka strain from WT VZV (91). Restriction
enzyme analysis of ORF62 with SmaI and sequencing of ORF62
can be used to make a definitive identification of vOka. Because a
few recombinants between WT VZV and vOka have now been
identified, it may be difficult to distinguish WT from vOka in rare
isolates (91).

In addition to PCR, indirect immunofluorescence is an excel-
lent method to use to identify VZV in skin vesicles for diagnostic
purposes. Immunofluorescence is more sensitive than culture and
can be carried out far more rapidly. Immunofluorescence, how-
ever, is less sensitive than PCR (81, 95, 96) and cannot be em-
ployed to distinguish vOka from WT VZV. VZV infections may
also be diagnosed serologically. Acute- and convalescent-phase
sera can be examined to determine whether VZV antibodies in-
crease in association with illness. This method is obviously slow,
requiring 10 to 14 days. It may also be inaccurate because some
patients with HSV infections sometimes exhibit an increase in
antibodies to VZV (81). This may occur because antibodies to
subsets of antigens in HSV and VZV cross-react. Alternatively, it is
possible that HSV infection reactivates VZV, which has been sus-
pected but not yet definitively demonstrated. Serology is also
sometimes used as an indicator to judge whether individuals are
protected against varicella; however, most serologic tests of im-
munity to VZV are insufficiently sensitive to be used for this pur-
pose (97). WT VZV cannot be distinguished serologically from

vOka. The utility of the serologic diagnosis of VZV is thus limited
and imperfect.

Antibodies to VZV can be measured by a variety of techniques.
The most commonly used is the enzyme-linked immunosorbent
assay (ELISA); many commercial tests are available, and these vary
somewhat in their sensitivity and specificity. As noted above, the
most common problem with all of these tests is a lack of sensitiv-
ity. Individuals vaccinated successfully against varicella, for exam-
ple, are often found with commercial ELISAs to lack antibodies to
VZV (81). ELISAs may also yield false-positive results for as many
as 10% of varicella-susceptible individuals (98). A more special-
ized gp ELISA has been devised to enhance sensitivity, but this test
is actually too sensitive. It detects very low levels of antibodies and
may thus mistakenly identify a varicella-susceptible individual
with insufficient protection as immune to varicella (99).

A method that detects immunity to varicella more reliably than
ELISA is the fluorescent antibody to membrane antigen (FAMA)
assay (100). Clinical validation over many years has proven this
assay to be an excellent surrogate for protection against varicella in
healthy individuals (81, 99, 101). In healthy persons with a FAMA
titer of �1:4 (n � 131), fewer than 2% developed (mild) varicella
after a household exposure to VZV; the attack rate in similar in-
dividuals with a titer of �1:4 was 59% (n � 68) (99). The FAMA
assay as a correlate of immunity was employed in the early studies
of the efficacy of varicella vaccine (101–103). FAMA does not per-
form quite as well in immunocompromised patients, some of
whom may develop mild varicella upon exposure even if FAMA
reveals that they have detectable antibodies to VZV (101). The
main problem with the FAMA assay is that it requires a specifically
trained technician and thus is not generally available. FAMA today
is used mainly for research purposes.

VZV disease may be identified by a 4-fold rise in antibody titer
in acute- and convalescent-phase sera. The diagnostic use of dem-
onstration of VZV IgM in one serum sample, however, is risky.
False-negative and false-positive IgM reactions have been re-
ported to occur; therefore, the use of this assay for clinical diag-
nosis is discouraged (97).

In stark contrast to the case for varicella, specific antibodies to
VZV are not protective against HZ. Humoral immunity does not
prevent reactivation of VZV; individuals who develop HZ invari-
ably have detectable and often high levels of antibodies to VZV.
Therefore, measuring antibodies to VZV in sera of patients is not
useful to determine if they are at risk to develop HZ. Clinical and
laboratory evidence has shown that CMI is essential to prevent
disease caused by the reactivation of VZV (104, 105). Interest-
ingly, while infiltrating CD8 T cells surrounding neurons that are
latently infected with HSV have been identified, similar cells have
not been observed around neurons that are latently infected with
VZV (106). The mechanism by which CMI controls the reactiva-
tion of VZV requires further study.

Individuals who develop HZ have demonstrable low CMI to
VZV (104, 105). CMI to VZV begins to decrease, presumably due
to aging, after about 50 years of age, which is also precisely the
same age at which the incidence of HZ begins to increase (107,
108). Immunocompromised patients, in whom CMI responses to
VZV are lower than normal, are at a greater risk to develop HZ
than are similarly aged healthy persons (17). Children and adoles-
cents who develop HZ may have transient decreases in CMI to
VZV, possibly due to preceding episodes of asymptomatic viral
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infection or stress (85, 109). HZ has also been reported to follow
trauma to nervous tissues (110).

VZV reactivation usually, but not always, presents with a rash
(60, 62, 111). In the absence of a rash, demonstration VZV DNA in
saliva (111) or cerebrospinal fluid (CSF) (60) may be diagnostic.
The presence of antibodies to VZV in CSF, with calculation of
serum/CSF VZV-specific IgG ratios, may also be diagnostic of
VZV reactivation in the CNS, which can occur in the absence of an
accompanying rash (60).

THERAPY OF VZV INFECTIONS

For many years, except in immunocompromised patients, VZV
infections were treated symptomatically, with acetaminophen and
medications to decrease itching. Today, antiviral drugs, which are
effective, well tolerated, and able to be administered orally, are
commonly used. Specific antiviral therapy for VZV became avail-
able in the mid-1980s in the form of the nucleoside analog acyclo-
vir (ACV), an inhibitor of DNA polymerase and a DNA chain
terminator (112). ACV may be given orally or may be given intra-
venously (i.v.) if high drug levels are needed in severely VZV-
infected patients. Following development of ACV, prodrugs of
ACV, i.e., valacyclovir and famciclovir, were introduced. These
medications, which are given orally several times a day, lead to
high levels of ACV in the blood, which approach those seen after
intravenous administration of acyclovir. Antiviral therapies di-
rected against varicella and zoster are similar. Early intravenous
therapy with ACV should be instituted for VZV-infected patients
at high risk for development of severe infections, such as leukemic
children and those who have undergone transplantation, to pre-
vent viral dissemination (113, 114). This therapy may be lifesaving
in immunocompromised patients; moreover, it also decreases
morbidity. Fortunately, resistance of VZV to ACV and its analogs
is unusual, but it does occur; disease due to the uncommon resis-
tant strains of VZV can be treated with foscarnet, which is a second
choice because it is more toxic than ACV.

Early therapy of HZ (within 3 days of onset), usually with va-
lacyclovir or famciclovir, appears to result in the most satisfactory
outcomes (76). As noted above, famciclovir given to elderly pa-
tients with zoster early in the course of infection was reported to
decrease the duration of PHN, if not necessarily its incidence (78).
Details about antiviral therapy for VZV infections, including drug
doses and length of therapy, have been reviewed elsewhere (115).

LATENCY AND REACTIVATION OF VZV

VZV becomes latent in neurons of the dorsal root ganglia (DRG),
cranial nerve ganglia (CNG), and autonomic ganglia, including
enteric (gastrointestinal) ganglia (Fig. 2). VZV latency occurs after
chickenpox and/or vaccination. Expression of transcripts and/or
proteins of at least 6 of the 71 VZV genes (ORF4, -21, -29, -62, -63,
and -66) have been reported in neurons with latent VZV infection
(22, 116, 117). Late proteins, such as gE, are not detected. There is
some controversy in the literature, however, concerning whether
proteins as well as transcripts are actually expressed. Recently,
human neurons from patients with blood group A1 have been
found to express that antigen in the Golgi region (118). Ascites
fluid and sera from animals may contain endogenous antibodies
that cross-react with human blood group A1 antigens (118, 119).
Neuronal VZV protein expression detected with ascites-derived
monoclonal antibodies or rabbit sera may thus be misinterpreted.
The antibodies might react with neurons from donors whose

blood type is A1, not because they contain VZV proteins but be-
cause they contain human blood group A1 antigens. The actual
protein expression in human neurons must therefore be reevalu-
ated using either monoclonal antibodies produced in tissue cul-
ture, which lack endogenous antibodies to human blood group A1
antigens, or antibodies that have been absorbed with red blood
cells from type A donors or donors who do not have type A blood.
It is curious, however, that reports of VZV protein expression in
human ganglia have failed to detect late proteins, such as gE, even
when the reagents used are ascites-derived monoclonal antibodies
or polyclonal antibodies from rabbits. Antibodies to gE should be
just as subject to cross-reaction with human blood group A1 an-
tigens in neurons as antibodies to the ORF62 or ORF63 proteins;
moreover, it is also interesting that the proteins that have been
detected immunocytochemically are limited to those for which
the corresponding transcripts have also been found to be ex-
pressed. It is possible that discrepancies found in the literature on
VZV protein expression in human neurons are due not only to
potential interference from human blood group A1 antigens but
also to the time between death and autopsy as well as effects of age
and disease prior to death.

VZV may establish latency by either of two mechanisms (Fig.
2). Retrograde axonal transport from the skin may transmit VZV
directly from cutaneous lesions to neuronal cell bodies in DRG or
CNG (120). Latency may also be established during a viremia, as
shown in animal models (22). Transfer during latency, however,
implies that the T lymphocytes that carry VZV during a viremia
(33) are able to establish latent infection in neurons. That has been
suggested from studies of human ganglia transplanted to mice
with severe combined immunodeficiency disease (Hu-SCID)
(121–123); however, the initial infection of grafted neurons ap-
peared to be lytic. Viral persistence and latency were eventually
found to occur in grafted neurons, but the mechanism by which
this occurred was not determined. It seems unlikely that a neuron
in which VZV replicates could survive to support a transition
from the lytic to the latent state. In vitro, guinea pig neurons that
manifest lytic infection die within 48 to 72 h, and neurons that
survive with latent infection die rapidly when ORF61 is expressed
and VZV reactivates (124). Cell-free VZV may be necessary for the
establishment of latency in neurons. If so, it is possible that neu-
rons that become infected are able to release cell-free VZV, which
establishes latency in neighboring neurons. Studies of vaccinated
children who have died have supported the importance of viremia
in leading to latency in DRG and CNG (116). These children were
vaccinated in the deltoid region of an arm; nevertheless, VZV was
found to be latent in the trigeminal ganglion and in contralateral
lumbar DRG, which do not project to the vaccinated region. Al-
though the presence of virus in distant regions implies viremic
spread, it is not clear that the T lymphocytes carrying VZV trans-
ferred it to neurons in distant DRG and CNG. Asymptomatic
infection of the skin might occur in distant regions with the con-
sequent acquisition of latency in neurons via retrograde axonal
transport. T lymphocytes have been reported to secrete filterable
VZV (125); however, this assertion has been challenged as a result
of experiments in which the size of the pores in filters was selected
to exclude the transfilter passage of cells (126). Humans who were
found to develop HZ due to WT VZV months to years after vari-
cella vaccination, furthermore, must have experienced an asymp-
tomatic WT infection that led to latency (22, 116). WT VZV in-
fection could have occurred prior to vaccination, or WT VZV
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might have replaced vOka after vaccination. In either case, the WT
VZV infection was asymptomatic. Whether the skin is affected
when VZV infections are asymptomatic is unknown. It is clear,
however, that symptomatic infection, viremic and/or cutaneous,
is not necessary for the establishment of latency in DRG and CNG.
In 1/3 of cases of HZ in children who received varicella vaccine
without breakthrough varicella disease, the virus in the HZ lesions
was shown to be WT VZV (72, 73). Viremia has been postulated to
be important in the establishment of simian varicella virus (SVV)
latency in neurons in monkeys (127). SVV has been studied as a
model that is similar, albeit not identical, to VZV. The ability,
discussed above, of infected human or guinea pig PBMC to estab-
lish latency in guinea pig DRG and enteric neurons following in-
travenous injection (22) is consistent with transfer of virus from
VZV-infected T lymphocytes to lymphocytes. Still, even in this
case, the possibility that PBMC infect a third cell, such as a kera-
tinocyte, which then releases the cell-free VZV that establishes
latency in neurons cannot be ruled out.

Transcripts encoding latency-associated WT VZV and vOka
gene products have been demonstrated in enteric neurons in fresh
human surgical specimens in 12/13 pediatric subjects who either
had a history of varicella or were vaccinated against it (22). In

contrast, no transcripts or DNA encoding VZV gene products was
demonstrable in 7 control specimens, which were obtained from
gut surgically removed from infants and children less than 1 year
old without a history of varicella or vaccination. These findings in
children are consistent with an earlier study that found transcripts
encoding at least one immediate early VZV gene product in 88%
of 30 specimens of adult gut removed at surgery and the immu-
nocytochemical detection of ORF29 and ORF62 proteins in my-
enteric and submucosal neurons in 2/2 patients (124). These ob-
servations in both pediatric and adult bowel specimens are
consistent with the possibility that VZV is latent in the ENS of
virtually everyone who has been exposed to VZV through natural
varicella or vaccination; moreover, the studies also suggest that,
with the exception of the congenital varicella syndrome, VZV is
not acquired congenitally and that latency is established when an
individual experiences varicella or receives the varicella vaccine.
When VZV becomes latent in the gut during childhood, further-
more, viral latency persists in enteric neurons into adult life. Dem-
onstration of VZV RNA transcripts in fresh, surgically removed
intestinal tissues (22) avoids the confounding possibility of reac-
tivation of VZV after death, which has been postulated to compli-
cate analyses of autopsy specimens (128).

FIG 2 Potential routes taken by VZV during its life cycle. Dorsal (sensory) and ventral (motor) roots carrying axons leave the spinal cord and fuse to form a
mixed spinal nerve. A dorsal root ganglion (DRG) is present within the dorsal root. The DRG contains pseudounipolar sensory neurons (red) that extend a
central process in the dorsal root to the posterior spinal cord and a peripheral process that reaches its targets of innervation via the spinal nerve. The skin is one
such target, and sensory nerve fibers (red) ramify within the epidermis. Visceral sensory neurons also within the DRG send their peripheral process to the gut and
terminate within the ganglia of the enteric nervous system (ENS) (submucosal and myenteric) or within other layers of the bowel wall. There is evidence that rare
DRG neurons extend peripheral processes both to the skin and to the gut (indicated in the diagram). During varicella, retrograde transport from the skin can
enable VZV to reach sensory neurons in the DRG and, from there, the neurons of the ENS (green arrows). Following the reactivation of VZV in a sensory DRG
neuron, VZV can travel via anterograde transport in spinal nerve fibers to return to the skin and infect the epidermis in a restricted dermatomal distribution.
Reactivation of VZV within neurons of the ENS affects the targets that these cells innervate and gives rise to local enteric disease, such as gastric ulceration (not
illustrated) (see the text).
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Latency of VZV in enteric neurons suggests that local reactiva-
tion in the bowel may be causally related to a number of gastroin-
testinal diseases clinically attributed to VZV. These conditions
include achalasia, gastric ulcers, and colonic pseudo-obstruction
(Oglivie’s syndrome) (59, 129–135). VZV may also give rise to
enteric disease that had not previously been associated with the
virus, such as idiopathic gastroparesis, irritable bowel syndrome,
and inflammatory bowel disease (111). A 16-year old male patient,
for example was subjected to a partial gastrectomy because of
severe gastric ulceration with necrosis and perforation. VZV DNA
was found in his saliva and the surgical specimen; moreover, the
cells surrounding the ulcers contained the immunoreactivities of
ORF63 and gE. DNA disappeared from saliva, and VZV gene
products were no longer detected in a biopsy specimen of the
stomach following recovery. The boy had received 2 doses of vari-
cella vaccine, and when typed, the VZV DNA in the patient’s saliva
was found to have been derived from vOka. Because the virus was
vaccine type, the ulcer must have been due to reactivation of latent
virus, most probably in the ENS. No ganglia were found to be
present in the surgically removed tissue, and the patient was left
with achalasia following his recovery. There were no cutaneous
manifestations of disease in this patient. VZV was suspected be-
cause VZV DNA was detected in saliva. This is thus a case of
enteric zoster, and it suggests that a number of gastrointestinal
disturbances, the etiology of which is currently unclear, might well
be caused by VZV, which because of the absence of a concurrent
rash is occult and goes unsuspected (87).

PREVENTION OF VZV INFECTIONS BY IMMUNIZATION

The vOka strain of VZV was attenuated by Takahashi and col-
leagues in 1974 by �30 passages in cell culture, including some
early passages in guinea pig cells. Live attenuated vaccines (vOka)
were then developed for VZV, against varicella in 1974 (136) and
against herpes zoster (HZ) in 2005 (80). These vaccines are quite
effective in preventing varicella, although somewhat less so in pre-
venting HZ (80, 105, 137–143). VZV vaccines were licensed for
routine use against varicella in 1995 (144) and against HZ in 2006
(145) in the United States.

Varicella Vaccine

In addition to the United States, live attenuated varicella vaccine is
licensed for routine use in many countries worldwide, including
Australia, Brazil, Canada, China, Germany, Greece, Israel, Italy,
Japan, Uruguay, Qatar, South Korea, Spain, and Taiwan. In the
United States, one dose was initially recommended for immuni-
zation of children under 12 years of age (144). Because the FAMA
test indicated that seroconversion did not occur after 1 dose of
varicella vaccine in roughly 20% of children (99) and many out-
breaks of varicella were reported in day care facilities and schools
among the immunized (53), a two-dose regimen was recom-
mended by the Centers for Disease Control and Prevention
(CDC) in 2006 (146). One dose protected about 85% of children
(96, 143), which increased to 98% following a second dose (143)
(Fig. 3). Additional and more recent studies have indicated im-
proved protection after 2 doses (138, 141). There appears to be
little waning of immunity to VZV with time, even after as many as
14 years postvaccination (137, 147). Waning immunity is a signif-
icant concern, because if it occurred, varicella might be postponed
to adulthood when the condition may be severe. Evidence that
might be interpreted in favor of waning immunity to varicella

after vaccination is questionable (148, 149) because, as noted
above, primary vaccine failure is relatively common after a single
dose of vaccine. As the numbers of subjects in the population who
lack protection against varicella due to primary vaccine failure
accumulate, there would be an apparent time-dependent increase
in occurrences of varicella in vaccinated subjects, even if immu-
nity in successful vaccinees does not wane. The experience with 2
doses of vaccine now suggests that at least after 14 years in the
United States, immunity does not wane significantly (137).

Varicella-susceptible adults may be safely and successfully im-
munized with varicella vaccine. Two doses at least 1 month apart
should be given. While some loss of specific antibodies has been
reported with time, loss of immunity has not been demonstrated
with time. While adults born and raised in the continental United
States may report that they have never had varicella, they are likely
to be immune. On the other hand adult immigrants from coun-
tries with tropical climates are likely to be susceptible, because
VZV spreads poorly in the tropics. CDC criteria for immunity to
varicella (as indicated on their website) are history of varicella
(preferably provided by a health care provider), epidemiologic
data (such as household exposure to other children with varicella),
birth in the United States before 1980, and laboratory evidence of
immunity. A reliable history of HZ is also an indication of immu-
nity to varicella. When there is doubt and the individual is healthy
and not immunocompromised, 2 doses of monovalent varicella
vaccine may be given, 1 month apart.

The incidence of HZ after vaccination, in both immunocom-

FIG 3 A case-control study shows that two doses of varicella vaccine provide
better protection than a single dose (based on data from reference 143). Be-
tween July 2006 and January 2010, 71 case subjects (children with PCR-verified
varicella) and 140 matched healthy controls were enrolled in a study of vaccine
efficacy. None of the cases (0%) but 22 controls (15.7%) were found to be
children who received 2 doses of varicella vaccine. Sixty-six cases (93.0%) but
117 controls (83.6%) were found to be children who received 1 dose. Five cases
(7.0%) but 1 control (0.7%) were found to be children who did not receive
varicella vaccine (P � 0.001). The effectiveness of 2 doses of the vaccine was
calculated to be 98.3% (P � 0.001). The matched odds ratio for 2 doses against
a single dose of the vaccine was 0.053 (P � 0.001). The effectiveness of 2 doses
of varicella vaccine is thus excellent. The odds of acquiring varicella appear to
be 95% lower in children who received 2 doses of varicella vaccine than in
children who received only a single dose.
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promised and healthy vaccinees, has consistently been lower than
that in patients who experience natural infection (105, 137, 150,
151). The rate of HZ in young adults who were vaccinated as long
as 20 years previously is extremely low, 0.9/1,000 person-years
(P-Y) of observation. This rate is less than would be expected after
natural infection (140). The rate of HZ in healthy vaccinated chil-
dren has been reported in two studies to be 0.33/1,000 P-Y (151)
and 0.45/1,000 P-Y (137). No cases of HZ were reported after
varicella vaccination of HIV-infected children, most of whom
were receiving highly active antiretroviral therapy (HAART)
(150). The incidence of HZ also decreased with introduction of
HAART in HIV-infected adults who had natural varicella prior to
HIV infection (152).

WT VZV, rather than vOka, has been found to be the cause of
HZ in about 33% of vaccinated children, although clinical break-
through varicella may not have occurred (72, 73). As noted above,
the WT VZV, therefore, must have been acquired as a result of
asymptomatic infection with the WT virus, either prior to or after
vaccination. There are several possible explanations for the 33%
rate of WT HZ after vaccination. Because vOka normally estab-
lishes latency following vaccination, it is possible that WT VZV
can displace vOka. Alternatively vOka may have less propensity
for reactivation, or possibly latent infection is less extensive after
vaccination than it is following WT VZV infection. Although
vOka is an attenuated virus, no difference between vOka and WT
VZV in regard to the severity of the HZ they cause in children has
been observed (73).

Prior to widespread vaccination in the United States, there were
100 to 150 annual deaths from varicella, mostly in children and
adults who were healthy before they became infected (53). Even
when only 1 dose of vaccine was given to children, the incidence of
varicella declined dramatically in the United States, as did also the
rate of hospitalizations and deaths from varicella in the years be-
tween 1995 and 2007 (53, 142, 153). Now that 2 doses of vaccine
have become standard, one would expect the morbidity and mor-
tality from varicella caused by WT VZV to decrease even more.

Varicella vaccine has been shown to be extremely safe. Most
vaccinees experience no particular symptoms after vaccination;
about 5% develop a mild transient rash, either generalized or at
the injection site or both, about a month after vaccination (72, 82,
139, 154–156). Extensive rashes, with occasional pneumonia or
neurologic symptoms, have rarely been reported in immunocom-
promised children who were not recognized to be immunodefi-
cient when they were vaccinated (39, 44, 45, 157). These have
included a group of fewer than 20 children worldwide, who had
undiagnosed AIDS (45), invariant natural killer (INK) cell defi-
ciency (37, 39), or other immunodeficiency diseases (43) and
those receiving high doses of steroids for an underlying disease
such as asthma (111). Two vaccinated children subsequently de-
veloped neuroblastoma followed by severe HZ, which was accom-
panied by meningitis (158, 159). With one exception, they were
treated successfully with antiviral therapy; one vaccinated child
died from the vOka strain, a 4-year old girl in Germany with un-
derlying leukemia who was vaccinated when she was in remission
for less than 5 months (53, 160).

Possible phenomena that contribute to the success of varicella
vaccine regarding safety and efficacy are as follows: (i) vOka is
attenuated and very safe, even in selected immunocompromised
patients, and severe adverse reactions are very rare in healthy vac-
cinees; (ii) vOka is highly immunogenic, especially after 2 doses,

and waning immunity has not been identified as a problem; (iii)
there is an available immune surrogate, the FAMA test, which was
immensely helpful in first evaluating vaccine efficacy; (iv) it is
possible to differentiate WT VZV from vOka in vaccine recipients
to determine whether disease that is temporally related to vacci-
nation was actually caused by the vaccine virus; (v) the potential of
vOka to give rise to HZ is lower than that of WT VZV; (vi) vOka
has very limited transmissibility and has not reverted clinically to
virulence; (vii) vOka is susceptible to treatment with standard
antiviral drugs (acyclovir, valacyclovir, and famciclovir); (viii) im-
munity to VZV may be boosted by asymptomatic or mild reacti-
vations of WT VZV or vOka from latency, helping to maintain
long-term immunity against varicella; and (ix) immunity for
those whose CMI is waning due to aging can be boosted to prevent
HZ and PHN with a vOka vaccine that is stronger than that used to
prevent varicella.

If a vOka rash develops in vaccinees, transmission of the vaccine
virus to susceptible hosts might potentially occur. Transmission of
vOka, however, is extremely rare when healthy individuals are
vaccinated; only 10 instances of transmission have been reported
since the 1995 vaccine licensure in the United States. An estimated
60 million children have been vaccinated during the ensuing pe-
riod of time (72, 82, 154, 161). While transmission thus is possible,
it does not appear to be a significant threat. An interesting obser-
vation of possible spread was the inadvertent spraying of the vac-
cine into the atmosphere at the time of vaccination (162). Aero-
solization of vOka was reported to be a likely cause of transmission
to a newborn by a provider who was preparing a syringe for vac-
cination of a susceptible mother while the infant was in the same
room.

Nine cases of meningitis associated with varicella vaccine have
been reported. Most occurred in previously healthy American
children in whom HZ due to vOka was accompanied by menin-
gitis (and in one case also mild encephalitis). PCR was used to
amplify VZV in the CSF in each of these cases (72, 83, 154, 158,
159, 163–167) (Table 1). All of the children received antiviral ther-
apy, and all recovered (83). HZ complicated by meningitis has also
been reported to be caused by WT VZV (60, 168–170). The inci-
dence of this complication of HZ is not known, but meningitis in
vaccinees appears to be rare. Transient cerebellar ataxia has been
reported (72, 82, 154), but the association with vaccination is un-
proven because vOka DNA has not been demonstrated in CSF in
any of the children in which it occurred.

Zoster Vaccine

Following the successful development of a preventive varicella
vaccine, interest in a therapeutic vaccine against HZ emerged.
This live attenuated vaccine is also composed of vOka, but at a
dose �14 times greater than that used in the varicella vaccine (53).
Early open-label dose-finding experiments were initially carried
out to determine the concentration of VZV needed to restore the
CMI response to VZV in the aged (171). It is interesting that the
dose of virus needed to reconstitute CMI in the elderly is so much
greater than that needed to stimulate a primary immune response
in the young.

An impressive multicenter, double-blind, placebo-controlled
clinical trial of zoster vaccine involved a cohort of �38,500 rela-
tively healthy individuals over age 60 years and took 5 years to
complete (80). This trial indicated that the HZ vaccine is roughly
60% effective in preventing HZ and PHN in the age group tested
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(80). This vaccine has now been recommended in the United
States for individuals over the age of 50, in whom it is 70% effec-
tive (172). Like the varicella vaccine, the HZ vaccine is extremely
safe, and reports of serious adverse events from it are essentially
nonexistent. Perhaps because the adult vaccinees who receive the
HZ vaccine have almost always encountered VZV previously and
have high antibody titers at the time of vaccination, they rarely
exhibit a vaccine-associated rash; HZ due to vOka in HZ vaccine
recipients has yet to be reported.

Undoubtedly more vaccines against HZ will be developed in the
future. A subunit HZ vaccine composed of VZV gE with an adju-
vant was recently developed in Europe and appeared to be highly
immunogenic in phase 2 studies (173). This subunit vaccine may
be more immunogenic than the live attenuated vaccine, but only
CD4 T lymphocytes seem to respond to it, as with the live atten-
uated HZ vaccine. The relevance of this phenomenon is not
known. This subunit vaccine could potentially be used to protect
immunocompromised individuals because it is not infectious. It is
currently in phase 3 clinical trials, but as yet there are no data
available regarding its safety or efficacy. (http://clinicaltrials.gov
/ct2/show/NCT01165203)

The issue of whether or not decreased exposure to WT VZV will
lead to an increase in the incidence of HZ in the middle-aged
unvaccinated population has been debated for some years (174,
175). Varicella vaccine has not been licensed for healthy children
in the United Kingdom. This failure may reflect the cost of the
vaccine, which in the United Kingdom is borne by the National
Health Service; however, it is also justified by a hypothetical fear of
zoster in the elderly, which in the United Kingdom evidently tran-
scends in importance the fear of varicella in the young and in
individuals who are immunocompromised. The hypothesis,
backed by computer models, is that periodic exposure to WT
VZV, derived from children with varicella, is essential to maintain
long-term immunity to VZV (176, 177). In essence, the idea is to
preserve varicella in children as a kind of natural vaccination
against HZ in adults. While some might question the wisdom of
this idea due to the collateral damage resulting from the un-
checked spread of WT VZV, there is good reason to believe that
the underlying hypothesis is wrong. Computer models reflect the
assumptions that underlie them. If periodic exposure to children
with varicella does not reduce the incidence of HZ, there is no

reason to force children and their parents to cope with varicella or
to risk the damage that varicella can do to immunocompromised
hosts. In a French study of isolated middle-aged individuals living
in a convent and a monastery without exposure to children, the
incidence of HZ was not higher than that of the population living
with children in the neighboring village (178). Although the inci-
dence of HZ is increasing in the United States, the increase began
long before the varicella vaccine was licensed in 1995 (179, 180). In
fact, the rate of HZ increased significantly between 1945 to 1949
and 1955 and almost doubled by 1992 (181); moreover, the in-
crease in the incidence of HZ since 1945 to 1949 has been almost
linear and does not seem to have been influenced by the introduc-
tion of the varicella vaccine. The increase in HZ incidence is un-
doubtedly multifactorial and probably includes improved ascer-
tainment and diagnosis, as well as increases in the proportion of
the American population that is immunocompromised or elderly.
Therapies of many conditions, including cancer, involve the use of
treatments that reduce CMI, and the populations of most devel-
oped countries, including that of the United States, are aging.

Reactivation from latency, which might be subclinical or mild
enough not to be recognized, is a possible mechanism that could
maintain long-term immunity to VZV. This possibility was sus-
pected years ago (182, 183). Luby and his colleagues found fre-
quent increases of VZV antibodies in asymptomatic renal trans-
plant patients that were not believed to be due to exogenous
exposure to VZV. The use of PCR in diagnostic virology has pro-
vided evidence that subclinical reactivation of VZV occurs in both
immunocompromised and immunocompetent individuals (85,
184–187). The manifestations of the reactivation of VZV form a
spectrum that ranges from subclinical occurrences to zoster sine
herpete (61, 111, 188) to localized unilateral dermatomal vesicular
cutaneous lesions and finally to disseminated HZ, which involves
widespread cutaneous lesions that resemble those of varicella.
Subclinical reactivation may generate an immune response to
VZV that stimulates long-term immunity. The fact that VZV es-
tablishes latency in enteric neurons may be particularly important
from the standpoint of the maintenance of immunity. The gut is
the largest immune organ of the body; therefore, repetitive mild or
asymptomatic reactivation of VZV in the ENS could result in sig-
nificant restimulation of protective immune responses. If reacti-
vation of VZV from latency indeed occurs at intervals, long-term

TABLE 1 Meningitis caused by the Oka strain of VZV in healthy children vaccinated at �1 year of age, diagnosed by PCR on CSF indicating the
presence of VZV DNA

Case Medical condition Report yr First author(s) Reference(s) ORF(s) tested
Age of
patient Location of zoster rash

1 Neuroblastomaa 2003 Levin 159 62 1 yr Right thigh
2 Neuroblastomaa 2008 Bryan 158 62 21 mob Hands, right leg, abdomen
3 Leukemia chemotherapya 2008 Chavez, Galea 154, 72 38, 54 4 yr Arm
4 Otherwise healthy 2008 Chavez 154 38, 54 4 yrc Right arm
5 Otherwise healthy 2008 Levin 167 38, 54, 62d 8 yr Left shoulder
6 Otherwise healthy 2009 Iyer 166 38, 54, 62 9 yr Left arm
7 Otherwise healthy 2010 Chouliaras, Goulleret 163, 164 62 3 yr Face (trigeminal)e

8 Otherwise healthy 2011 Han 165 38, 54, 62 7 yr Right arm, shoulder
9 Otherwise healthy 2011 Pahud 83 38, 54, 62d 12 yr Neck
a Healthy when immunized.
b Immunized at 20 months.
c Immunized at 32 months.
d And other ORFs.
e Also had encephalitis.
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immunity could be ensured. That remains to be proven, for both
WT VZV and vOka; however, if immunity following vaccina-
tion does not wane, it would be unnecessary as well as immoral
to hold children hostage to varicella in order to protect the
elderly from HZ.

In summary, VZV vaccines have proven to be remarkably effec-
tive and safe (53, 80, 189). The use of varicella vaccine has dramat-
ically decreased the incidence of varicella and its complications in
the United States. Viral transmission has decreased, and the
United States has acquired a significant protective blanket of herd
immunity (53). Over 90% of young children have been immu-
nized in the United States; moreover, hospitalizations and deaths
from varicella have fallen (142, 190). HZ and PHN remain, but
advances against each are being made, mainly as a result of the use
of the varicella and HZ vaccines, both of which contribute to vac-
cine-mediated prevention. Interestingly, this success with VZV
vaccines has occurred although the vaccines do not achieve the
ideal of “sterilizing” immunity. It seems unlikely that VZV can
ever be eliminated due to the phenomenon of latency and reacti-
vation, which may actually confer the advantage of long-term
maintenance of immunity. Reactivation, however, will perpetu-
ally return virus to the population. There seems little question that
the observed decrease in viral transmission, which has led to
marked decreases in varicella, represents a great achievement for
American public health. The ability to prevent HZ is useful but
imperfect and provides a field for further vaccine development.
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